Subarachnoid injection of alcohol for the relief of intractable pain was introduced by Dogliotti (1, 2 ) before the .Academy of Medicine of Turin in December 1930. He was induced to try it in the belief that to suppress pain surgically it was not necessary to destroy all the sensory fibers but to reduce the number and intensity of stimuli sufficiently so that they would not register as pain. The assumption was that peripheral fibers specific for pain do not exist but that excessive stimuli of sensory nerve fibers are registered as pain.
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Dogliotti visited this country and demonstrated his technic, following which time a number of reports concerning the method, its indications and results, have appeared in the American literature (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . The technic is so ably described in several of these publications (3, 6, 11) that it is not necessary to repeat it here. The purpose of this report is to give the results obtained and complications encountered in 33 cases of inoperable cancer of hopeless prognosis, and to record the changes found in the spinal cord and nerve roots in 4 cases after subarachnoid alcohol injections.
Histological studies of the spinal cord following spinal anesthesia both in experimental animals and in human material obtained at autopsy have been reported (15) (16) (17) (18) . Changes do occur according to these investigators, but as a rule disappear within ninety days or less. The cord examined by Brock et al, however, still showed myelopathy three months after the injection of nupercaine.
Observations of cord changes following the subarachnoid injection of alcohol for relief of pain, according to the technic of Dogliotti, have apparently not been p~b l i s h e d .~ Findings following the injection of alcohol into the lumbar subarachnoid space in cats were reported by Aird and Naffziger (19) . Their results are discussed below.
In this clinic 33 patients, all of whom were believed to have incurable malignant tumors, have received subarachnoid injections of alcohol. The spinal cords of 4 patients who lived from three to six months after injection were studied at autopsy. A series of experimental injections in 5 dogs was also made, but the results were not satisfactory. I t was difficult or impossible to obtain even approximately the same conditions as obtained in man and impossible to determine whether or not a satisfactory injection was accomplished, that is one that would relieve pain if it were present. Many of the dogs developed paralysis and gross degenerations were found in the cord 1 Supported by a grant from the Research Funds of the Graduate School. "ince this was written it has been noted that the changes in one cord examined were briefly given by B. J. Alpers in a discussion ( 2 0 ) .
710
W. T. PEYTON, E. J. SEMANSKY, AND A. B. BAKER which apparently were not typical of the conditions produced in the clinical application of this method. Sections of only one cord were satisfactory for study. This dog was injected five weeks before it was sacrificed and the cord was removed. The sections revealed changes within the posterior rootlets and posterior columns; they were bilateral but not severe.
From the four human spinal cords obtained at autopsy sections at all levels, from the upper cervical segments to and including the cauda equina, were studied histologically in order to determine the effect of the injected alcohol upon the nervous tissue. The sections were stained with hematoxylin-eosin, with iron hematoxylin-Van Gieson and with Weigert's myelin sheath stain. The findings in all the cords were fundamentally the same, differing only in the degree of tissue alteration. The interval from the alcohol injection to death varied from three to six months.
Sections through the spinal cord levels at which the alcohol was injected, revealed a unilateral destruction of the posterior rootlets and of the lateral portion of the posterior funiculus ( Figs. 1 and 2 ). The posterior rootlet showed a patchy demyelinization. Some groups of fibers were completely destroyed, only a few fragmented sheaths and broken-up axones remaining. Other closely adjacent bundles had undergone partial degeneration. A fairly distinct division between normal and abnormal tissue was present in most of the involved rootlets. Rarely did one observe diffuse involven~ent of a rootlet, but when it did occur, partially injured fibers wete intermixed with intact as well as completely destroyed tissue ( R g . 2).
The injured rootlets could be traced to their entrance into the homolateral dorsal funiculus. This portion of the cord, the fasciculus cuneatus, revealed changes quite similar to those of the injured rootlet (Fig. 2 ) .
The fine myelinated and unmyelinated fibers which constitute most of the lateral portions of the involved dorsal rootlets were only moderately affected. These fibers, because of their injury, were not visible and therefore were very difficult to trace to their entrance into the dorsolateral fasciculus of Lissauer.
In sections of the higher cord levels certain consistent alterations were observed. No rootlet destruction was present, but the degeneration of the posterior columns persisted. The demyelinization within the dorsal funiculus, however, became displaced medially. In the upper thoracic and cervical regions only the fasciculus gracilis of the posterior columns was involved, and the normal tissue was sharply demarcated from the destroyed tissue by the posterior intermediate septum (Fig. 3 ) .
Within the thoracic regions in one case there was a very mild destruction in the lateral spinothalamic tract on the side of the cord opposite that of the posterior column and rootlet involvement. In the higher cord levels this alteration seemed to fade out and could not be detected.
The above changes were fundamentally similar. There was a variable degree, however, of involvement of the spinal cord. There was invariably a unilateral destruction of the long ascending fibers of the posterior funiculus which arise from the large myelinated nerves of the injured rootlets. Since the function of the posterior colulnns is almost entirely that of conveying deep sensation, the degree of their injury would not be expected to correlate with the amount of pain relief produced by the alcohol injection. I n fact, one of the patients studied did have a complete destruction of that portion of the dorsal funicuIus originating at the level of the alcohol injection, but still obtained no relief. Very little functional disturbance was noted as a result of the partial destruction of the posterior columns. Relief of pain from alcohol injection is probably due to an injury or destruction of the small myelinated and unrnyelinated fibers in the posterior rootlet. Since these fibers all end in the posterior horn cells, their destruction causes no associated ascending tract injury. Contralateral ~~i n o t h a l a n l i c tract involvement can occur only when the injected alcohol penetrates the cord and injures some of the posterior horn cells. This must have occurred in one of the cords examined. The temporary nature of pain relief can be accounted for by the regenerative powers of the partially or completely destroyed roqt fibers. Permanent relief of pain with alcohol injection probably could be accomplished by destruction of the posterior horn cells, if this were possible without associated cord damage.
Aird and Naffziger following experimental injection of alcohol into the subarachnoid space of cats found rather widespread degeneration. The posterior funiculus was most extensively involved and the degeneration was bilateral. There was degeneration of the posterior rootlets of both sides. T h e anterior rootlets of both sides were involved, as well as the postero-lateral fasciculus (Lissauer) of both sides and the antero-lateral funiculus of both sides. There was slight but definite degeneration in the pyramidal tract and in some cases in the anterior white commissure; also slight and scattered ascending degeneration most marked on the side of the animal which was uppermost during the injection. I t is very probable that the illore widespread degeneration obtained in the cat was due to inability to reproduce the exact conditions present when injection is made for the clinical relief of pain.
The clinical results of subarachnoid injection of alcohol in 33 cases treated in this clinic are given in Table I . I n 11 patients or 33 per cent the result was satisfactory, in 9 patients or 27 per cent doubtful, in 7 patients or 21 per cent failure, and in 6 patients or 18 per cent unknown. Results were classified as satisfactory if complete relief was obtained and persisted until death or for at least two months; doubtful when relief was partial but persisted until death or for at least two months; failure if no relief followed injection or if either complete or partial relief was followed by recurrence of pain within two months after injection; unknown if immediate relief was obtained and was still present when the patient was last seen within two months after the injection. Since some of the patients classified as unknown would in all probability have fulfilled the requirements for a satisfactory result if followed, it is justifiable to assume that in more than 33 per cent but in less than 51 per cent the results were satisfactory.
Partial relief should not be given much weight in judging the value of the procedure. I t is unreliable since there is no index for measuring relief unless it is complete. There are, furthermore, natural fluctuations in pain, there a psychic factor on the part of the patient following such a therapeutic procedure, and finally enthusiasm on the part of the physician may lead to an interpretation of definite relief when actually there has been no change.
Complications following injection were on the whole either transitory or not disabling, but in two cases, 1 and 9, serious sequelae occurred and per-sisted. I n Case 1, it is true, this was merely an aggravation of an existing paralysis. Before injection this patient had a cord lesion, probably due to metastases, which was causing a rapidly progressive paralysis of the lower extremities as well as anesthesia below the 10th thoracic segment. I n Case 9 injection was followed by a paralysis of the right lower extremity; also incontinence of feces and urine. Some flexion and extension of the knee returned approximately two weeks after injection and one month after injection voluntary movements of all joints in the right lower extremity were possible, but very weak. Sphincter control also returned in about a month.
Few complications are mentioned in the literature following subarachnoid alcohol injections, and for the most part these were inconsiderable. That (14) treated 25 women for intractable pain due to malignant conditions of the female genitalia and report 20 as completely relieved, and 3 partially relieved; they had 2 failures but in one of these pain was completely relieved by a second injection at a higher level, Russell (23) treated 2 2 patients with partial or complete relief in all but 3. Abbott (24) 1. Four spinal cords were obtained at autopsy following subarachnoid injection of alcohol for the relief of intractable pain. Microscopic study of these cords indicates that relief of pain, when it does occur, is due to destruction in the posterior rootlets but there is also an extensive degeneration of the posterior colu~nns of the cord.
2. The results obtained in 33 patients treated by this method are analyzed. A satisfactory result was obtained in at least 33 per cent but in not more than 51 per cent.
3. Serious complications occurred in two patients, one of whom however had a pre-existing paralysis due to a progressive cord lesion. This partial paralysis was precipitated into a complete paralysis by the injection. 4 . I t would seem that satisfactory results were obtained in a suficient percentage of patients treated to justify the small risk of a serious cord injury provided that for the present the procedure is limited to the treatment of intractable pain associated with malignant disease of hopeless prognosis.
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